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DESCRIPTION 

5 INJECTION MOLDED ARTICLE , PRODUCTION METHOD THEREOF AND PELLETS 

USED FOR INJECTION MOLDED ARTICLE 

CROSS REFERENCE TO RELATED APPLICATION 

This application is the U.S. national stage of 

10 International Application NO.PCT/JP2004/10917, filed July 30, 
2004 , which was published under PCT Article 21(2) as Publication 
NO-WO2005/012398 and of which the Instant application claims 
the benefit, which In turn claims the benefit of Japan Patent 
Application No. 2003-203536, filed July 30,2003. All these 

15 applications are Incorporated herein by reference In their 
entirely. 

TECHNICAL FIELD 
[0001] 

20 The present Invention relates to an Injection molded 

article that Includes a plant -derived material as a main 
component , crystallizes at a high rate , and has heat resistance . 

BACKGROUND ART 
25 [0002] 
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Plastics have now widely penetrated Into dally life and 
every field of Industry; the global yearly production of plastics 
has reached about one hundred million tons. Most parts of the 
plastics are discarded after use, which has been recognized 
5 as a cause to disturb the global environment. Accordingly, 
materials that give no adverse effects on the global environment 
even after they are discarded are demanded. 
[0003] 

Further, petroleum and the like, which are raw materials 
10 for ordinary plastics, are exhaustive resources and therefore 
utilization of renewable resources is demanded. For example, 
plastics derived from plant raw materials can be obtained from 
renewable and non- exhaustive resources, so that the exhaustive 
resources such as petroleum can be saved, and in addition, after 
15 their lise, they are biodegraded and naturalized, thus having 
excellent recyolability • 
[0004] 

Among the plastics derived from plant materials, lactic 
acid based resins can be mass-produced by chemical engineering 

20 from lactic acid obtained by fermentation of starch as a raw 
material and are excellent in transparence, rigidity, heat 
resistance and so on. Therefore, in particular, the lactic acid 
based resins have attracted much attention as a substitute 
material for polystyrene and polyethylene terephthalate in the 

25 fields of injection molded articles such as film paclcaging 



materials, white goods, OA appliances, and automobile parts. 
[0005] 

Injection molded articles for use In white goods, OA 
appliances , automobile parts and so on must have heat resistance 
5 to prevent fire. However, the lactic acid based resins have 
low glass transition temperatures and have poorer heat 
resistance than ABS resins, filler-contained polypropylene 
resins and the like. Therefore, the conventional lactic acid 
based resins have been difficult to use for white goods, OA 
10 appliances, and automobile parts. 
[0006] 

Composite materials composed of a biodegradable resin and 
a natural fiber to Improve the heat resistance of biodegradable 
resins Is known. For example, Japanese Patent Application 

15 Laid-open Publication No. H09-169897dlscloses a biodegradable 
flber-relnforced molded article In which, for example, anatural 
fiber Is bound to an aliphatic polyester resin In a dispersed 
state . Japanese Patent Application Laid-open Publication No . 
2002-146219 discloses production of a biodegradable composite 

20 material by mixing a natural fiber and fine particulate 
biodegradable resin and hot press molding the resultant mixture . 

However, these composite materials have insufficient heat 
resistance and may sometime cause a problem in their practical 
use. 

25 [0007] 
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Patent Dootiment 1: Japanese Patent Application Laid-open 
Publication No. H09-169897 

Patent Document 2: Japanese Patent Application Laid-open 
Publication No. 2002-146219 o 
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DISCLOSURE OF THE INVENTION 
PROBLEM TO BE SOLVED BY THE INVENTION 
[0008] 

The present Invention has been made with a view to solving 
10 the above-mentioned problems and It Is an object of the present 
Invention to provide an Injection molded article that Includes 
a plant -derived material as a main component, has excellent 
^heat resistance, and crystallizes at a high rate. 

15 MEANS FOR SOLVING THE PROBLEM 
[00091 

Under the circumstances, the Inventors of the present 
Invention have made extensive studies and as a result, the 
present Invention that Is highly effective has been 
20 isiccompllshed. 

The Injection molded article of the present Invention 
Includes a resin composition containing (A) a lactic acid based 
resin, and (B) a natural fiber that contains 40 mass% to 60 
mass% of cellulose, 10 mass% to 30 mass% of llgnln. In which 
25 the resin composition contains the lactic acid based resin (A) 



and the natural fiber (B) In a mass ratio of 99:1 to 70:30, 
and the lactic acid based resin (A) has a resin composition 
ratio. of L-lactlc acldzD-laotlo acld=100:0 to 97:3, orL-lactlc 
acld:D-lactlc acld=0:100 to 3:97. 
5 [0010] 

Here, It Is preferable that the resin composition has a 
crystallization heat peak temperature (Tc) of lOO^'C or more. 

Further, the Injection molded article can have a deflection 
temperature under load of 133^0 or more. 
10 [0011] 

The Injection molded article of the present Invention can 
be formed after kneading a coated substance, which Is obtained 
by Impregnating (dipping) the natural fiber (B) with (In) the 
lactic acid based resin (A) , with the lactic acid based resin 
15 (A). 

Alternatively, the Injection molded article of the present 
Invention may be formed after kneading a coated substance , which 
Is obtained by Impregnating (dipping) the natural fiber (B) 
with (In) the lactic acid based resin (A) by draw molding, with 
20 the lactic acid resin (A) . 
[0012] 

The pellets of the present Invention Include a resin 
composition containing (A) a lactic acid based resin, and (B). 
a natural fiber that contains 40 mass% to 60 mass% of cellulose, 
25 10 mass% to 30 mass% of llgnln. In which the resin composition 
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contains the laotlo aold based resin (A) and the natural fiber 
(B) In a mass ratio of 99:1 to 70; 30, and the lactic acid based 
resin (A) has a resin composition ratio of L- lactic acid : D- lactic 
acld»100:0 to 97:3, or L-lactlc aold:D-lactlc acid = 0:100 to 
5 3:97.. 
[0013] 

Here, the pellets can have an appearance that constituent 
components thereof are uniformly dispersed. 
[0014] 

10 The pellets of the present Invention can be formed. by 

Icneading a coated substance, which Is obtained by Impregnating 
(dipping) the natural fiber (B) with (In) the lactic acid based 
resin (A), with the lactic acid based resin (A). 
[0015] 

15 The method of producing pellets of the present Invention 

Includes the steps of : Impregnating ( dipping) the natural fiber 
(B) with (In) the lactic acid based resin (A); and adding the 
lactic acid based resin (A) to the resultant of the Impregnating 
(dipping) step and Jcneadlng the resultant mixture. 

20 [0016] 

Another method of producing pellets of the present 
Invention Includes the steps of: Impregnating (dipping) the 
natural fiber ( B ) with ( In ) the lactic acid based resin by drawing 
to form coated pellets ; and adding the lactic acid based resin 
25 (A) to the coated pellets and kneading the resultant mixture. 
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[00171 

The method of producing an injection molded article 
according to the present Invention Includes the steps of: 
Impregnating (dipping) the natural fiber (B) with (In) the lactic 
5 acid based resin by drawing to form coated pellets; adding the 
lactic acid based resin (A) to the coated pellets and kneading 
the resultant mixture; and forming an Injection molded article 
from the kneaded pellets. 
[0018] 

10 According to the present Invention, an Injection molded 

article that Includes a plant -derived material as a main 
component, has excellent heat resistance, and crystallizes at 
a high rate can be obtained by using a resin composition that 
contains a lactic acid based resin and other components and 

15 Is blended with a natural fiber that contains a predetermined 
amount of llgnln. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0019] 

20 Hereinafter, the present Invention Is explained. 

The Injection molded article of the present Invention 
Includes a resin composition containing (A) a lactic acid based 
resin, and (B) a natural fiber that contains 40 mass% to 60 
mass% of cellulose, 10 mass% to 30 mass% of llgnln. In this 

25 case, the resin composition must contain the lactic acid based 



resin (A) and the natural fiber (B) In a mass ratio of 99:1 
to 70:30^ and preferably 95:5 to 80:20. If the content of the 
natural fiber (B) Is lower than 1 mass%, the effect of Improving 
the heat resistance and crystallization rate Is poor while If 
5 the content of the natural fiber (B) Is higher than 30 mass%, 
the resultant Injection molded article has a decreased Impact 
strength and therefore causes a problem In practical use. 
[0020] 

Examples of the natural fiber (B) that contains 40 mass% 

10 to 60 mass% of cellulose, 10 mass% to 30 mass% of llgnln Include 
natural fibers such as kenaf , bamboo, and bagasse that contain 
40 mass% to 60 mass% of cellulose, 10 mass% to 30 mass% of llgnln. 
The^ blended natural fiber containing cellulose and llgnln In 
this manner can bring about a crystallization promoting effect 

15 and excellent heat resistance as a result of synergism between 
the increase in modulus of elasticity due to crystallization 
and the reinforcement with fibers. . W|i|||vSl^ 
of cellulose or less^ than 10 mass% of llgnln is: us^d, 
Qiy^S::3^ and'-p^ . se^if5f.aqt ory 

20 lieat^ res±s#a^ effect of 

imi>i:dyem<^ 6f^^h^^ r^inf dlrp 

with th0 fiber; C[an^^b^ Qti: the qt han<L:, when more 

than 60 mass % p% cellulose is used, the fiber undergoes thermal 
deterioratldn to oaii^ or a decrease in strength 

25 while with more than 30 mass% of llgnln^ appearance failure 



the like. 
[0021] 

The lactic acid based resins (A) used In the present 
5 Invention Include poly (L- lactic acid) whose structural unit 
Is L-lactlc acid, poly(D-lactlc acid) whose structural unit 
Is D-laotlo acid, poly (DL- lactic acid) whose structural units 
are L-lactlc acid and D- lactic acid, and mixtures thereof • Here , 
the compositional ratio of D-lactlc acid (D-f orm) cuid L-lactlc 

10 acid (L-form) of a lactic acid based resin Is L-f orm:D-f orm 
a 100:0 to 97:3, or L-f orm: D-f orm = 0:100 to 3:97, Outside 
the above-mentioned range of the compositional ratio of the 
L-f orm to the D-f orm. It Is difficult for the molded articles 
to exhibit heat resistance and thus the molded articles can 

15 be used In only limited applications. In consideration of 
availability and other factors. It Is preferable that the 
compositional ratio of the L-f orm to the D-f orm be L-f orm: D-f orm 
= 99.5:0.5 to 97:3, or L-f orm:D-f orm = 0.5:99.5. to 3:97. 
[0022] 

20 Polymerization methods that can be used for polymerizing 

lactic acid based resins Include known methods such as a 
polycondensatlon method and a ring opening polymerization 
method. For example. In the polycondensatlon method, L-lactlc 
acid, D-lactlc acid, or mixtures of these can be directly 

25 subjected to dehydropolycondensatlon to obtain lactic acid 



based resins having any desired compositions. 
[0023] 

Moreover, In the ring opening polymerization method, from 
a lactlde, which Is cyclic dlmers of lactic acid, a ractlc acid 
based resin can be obtained by selecting an appropriate catalyst 
and optionally using a modifier. The lactlde Include L- lactlde , 
which Is a dlmer of L- lactic acid, D- lactlde, which Is a dlmer 
of D-laotlde, and DL-lactlde, which Is a dliner consisting of 
L-lactlc acid and D-lactlc acid. This lactlde can be 
polymerized optionally after mixing as necessary to obtain 
lactic acid based resins having any desired compositions and 
any desired crystalllnltles. 
[0024] 

Further, where necessary, for example, to Improve the heat 
resistance of the resultant lactic acid based resin, a small 
amount of a copolymerlzable component can be added to the 
composition to be polymerized. Examples of the small amount 
copolymerlzable component that can be used Include 
non- aliphatic dlcarboxyllc acids such as terephthallo acid 
and/or non- aliphatic dlols such as ethylene oxide adducts of 
blsphenol A. 

Furthermore , with a view to Increasing the molecular weight 
of the resultant lactic acid based resin, a small amount of 
a chain extender , for example, a dllsocyanate compound, anepoxy 
compound, and an acid anhydride can be used. 

10 



[0025]. 

The laotlo aold based resins may be copolymers of any one 
of the laotlo aolds and/or with another hydroxyoarboxyllc aold 
unit , such as Of -hydroxyoarboxyllc acid other than the lactic 
acids or with an aliphatic dlol and/or an aliphatic dlcarboxyllc 
acid. 

Bxcunples of the other hydroxyoarboxyllc acid unit Include 
dlf unctlonal aliphatic hydroxyoarboxyllc. acids such as optical 
Isomers of lactic acid (D-lactlc acid for L-laotlc acid, or 
L-lactlc acid for D-lactlc acid), glycollc acid, 
3-hydroxybutyrlc acid, 4-hydroxybutyrlo add, 

2- hydroxy- n- butyric acid, 2-hydroxy-3 , 3-dlmethylbutyrlo acid, 
2 -hydroxy- 3 -methylbutyrlo aold, and^2-hydroxyoaprlc aold; and 
lactones such as caprolactone , butyrolactone, and 
valerolactone - 
[0026] 

The aliphatic dlols that are oopolymerlzed with the lactic 
acid based resins Include, for example, ethylene glycol, 
1,4-butanedlol, and i^4-cyclohexanedlmethanol. The 
aliphatic dlcarboxyllc acids Include, for example, succinic 
acid, adlplcaold, suberic aold, sebaclcacld, anddodecanedlolo 
aold. 
[0027] 

The copolymers may have any structure and Include, for 
example, a random copolymer, a block copolymer, and graft 
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copolymer. In particular, from the viewpoints of the effect 
of Improving their Impact strength and of the transparence 
thereof, block copolymers are preferable. Assuming that a 
polylaotlc acid segment Is named A, and, for example, a dlol 
dlcarboxyllc acid segment Is named B, formation of typically 
an ABA block copolymer can give rise to a polymer having both 
transparence and Impact strength. In this case. It Is 
preferable that the glass transition temperature (Tg) of the 
segment B be O^'C or less In order for the resin to exhibit Impact 
strength. 
[0028] 

The lactic acid-based resin has a weight average molecular 
weight within the range of, preferably 50,000 to 400,000, more 
preferably 100,000 to 250,000. When the lactic acid-based 
resin has a weight average molecular weight of below 50,000, 
It shows substantially no practically useful physical 
properties such as mechanical properties , heat resistance and 
so like while the resin has a weight average molecular weight 
of above 400,000, It sometimes has too high a melt viscosity 
to be suitably molded. 
[0029] 

Typical examples of the lactic acid based resins that can 
be preferably used In the present Invention Include among others 
"NATURE WORKS" series resins manufactured by Cargill Dow as 
commercially available resins • 

12 



[0030] ' 

In the present Invention, an aliphatic polyester and/or 
an aromatic aliphatic polyester, having a glass transition 
temperature (Tg) of O^C or less can be mixed with the lactic 
5 acid based resin. Preferably, the mixing amount of these 
polyesters Is within the range of 5 to 50 parts by mass per 
100 parts by mass of the lactate base resin. As stated above, 
when mixed with the aliphatic polyester and the like having 
a glass transition temperature (Tg) of O^C or less, the lactic 
10 acid based resin can have Impact strength. When the aliphatic 
polyester has a glass transition temperature (Tg) of above 0°C, 
the effect of Improving the Impact strength of the lactic acid 
based resin becomes poor. 
[0031] 

15 Examples of the aliphatic polyester having a glass 

transition temperature (Tg) of 0°C or less that can be used 
In the present Invention Include aliphatic polyesters other 
than the lactate resin, for example, aliphatic polyesters 

I. 

obtained by condensing aliphatic dlols with aliphatic 
20 dlcarboxyllc acids, and aliphatic polyesters obtained by 
ring-opening polymerization of cyclic lactones. 
[0032] 

The above-mentioned "aliphatic polyesters obtained by 
condensing aliphatic dlols with aliphatic dlcarboxyllc acids" 
25 Include those obtained by condensing at least one aliphatic 
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dlol with at least one aliphatic dloarboxyllo aold each selected 
from the aliphatic dlols and aliphatic dlcarboxyllc acids set 
forth below. Jump up of the aliphatic polyesters with 
Isocyanates, epoxy compounds, etc. as necessary can give rise 
to desired polymers (high molecular weight polymers) . In the 
present Invention, It Is preferable that such aliphatic 
polyesters are biodegradable. Typical examples of the 
aliphatic dlols used herein Include ethylene glycol, propylene 
glycol, 1, 4-butanedlol, and 1, 4-cyolohexanedlmethanol. 
Typical examples of the aliphatic dlcarboxyllc acid Include 
succinic acid, adlplc acid, suberic acid, sebaolc acid, and 
dodecanedlolc acid. 
[0033] 

The above-mentioned "aliphatic polyesters obtained by 
ring- opening polymerization of cyclic lactones" Include those 
obtained by polymerization of at least one cyclic monomer such 
as E-caprolactone, 6- valerolactone , and 

P-methyl-6-valerolactone . 
[0034] 

The aromatic aliphatic polyesters that can be used In the 
present Invention Include those obtained by introducing 
aromatic rings between the aliphatic chains of aliphatic 
polyester to decrease the crystalllnlty of the polymer. The 
aromatic aliphatic polyesters can be obtained, for example, 
by condensing an aromatic dlcarboxyllc acid component, an 

14 



allphatlo dlcarboxyllo acid component, and an aliphatic dlol 

component • 

[0035] 

Examples of the aromatic dlcarboxyllo component Include 
terephthallc acid, Isophthallc acid, and 

naphthalenedlcarboxyllc acid. Examples of the aliphatic 
dlcarboxyllo acid component Include succinic acid, adlplc acid, 
suberic acid, sebaclc acid, and dodecanedlolc acid. The 
aliphatic dlol components Include, for example, ethylene glycol, 
1,4-butanedlol, and 1,4-cyclohexanedlmethanol. Two or more 
each of the aromatic dlcarboxyllo component, the aliphatic 
dlcarboxyllo acid component , and the aliphatic dlol component 
can be used. 
[0036] 

In the present Invention, the aromatic dlcarboxyllo acid, 
component that Is most suitably used Is terephthallc acid; the 
aliphatic dlcarboxyllo acid component that Is most suitably 
used Is adlplc acid; and the aliphatic dlol component that Is 
most suitably used Is 1,4-butanedlol* 
[0037] 

The aliphatic polyesters other than the above-mentioned 
lactic acid based resins Include copolymers of succinic acid, 
1,4-butanedlol, and adlplc acid; and the aromatic-aliphatic 
polyesters Include copolymers of tetramethylene adlpate and 
terephthalate, and copolymers of polybutylene adlpate and 

15 



terephthalate . Specific examples of the aliphatic polyesters 
other than the lactic acid based resins and of the 
aromatic-aliphatic polyesters that are commercially available 
Include "BIONOLE" series resins manufactured by Showa 
5 Hlghpolymer Co.^ Ltd. obtained by polymerization of succinic 
acid, 1,4-butanedlol, and adlplc acid; "CELL GREEN" series 
resins manufactured by Dalcel Chemical Industry and "ENPOLE" 
series resins manufactured by Ire Chemical, both being obtained 
by ring opening condensation of e-caprolactone; "EASTAR BIO 
10 " manufactured by Eastman Chemical obtained as a copolymer of 
tetramethylene adlpate and terephphalate; "ECOFLEX F" 
manufactured by BASF as a copolymer of polybutylene adlpate 
and terephthalate 
[0038] 

15 As stated above, the resin compositions used for forming 

the Injection molded articles of the present Invention may 
Include copolymers of lactic acid based resins and copolymers 
of dlols and dlcarboxyllc acids. Alternatively, such resin 
compositions may Include the aliphatic polyesters other than 

20 the lactic acid based resins and/or the aromatic aliphatic 
polyesters . 
[0039] 

In the present Invention, the lactic acid based resin (A) 
and the natural fiber (B) must be mixed In proportions within 
25 the range of 99: 1 to 70:3 by mass ratio. The lactic acid based 



resins may Include the above-mentioned copolymers, the 
aliphatic polyesters , and/or the aromatic -aliphatic polyesters . 
That Is, when aliphatic polyesters having a glass transition 
temperature of O^'C or less, and/or aromatic -aliphatic 
polyesters are to be mixed, the mass of the lactic acid based 
resin Is defined as the sum of the mass of the lactic acid based 
resin and the mass of each of the above-mentioned additional 
components and hence this total mass of all the components must 
be within the mixing amount of the lactic acid based resin (A) . 
[0040] 

In the present Invention, It Is preferable that the coated 
substance obtained by Impregnating the natural fiber with the 
lactic acid based resin by drawing (pultrudlng ) be further mixed 
with the lactic acid based resin and kneaded bef ore the coated 
substance Is subjected to Injection molding. Here, preferably, 
the coated substance obtained by Impregnating the natural fiber 
with the lactic acid based resin Is pelletlzed to form coated 
pellets In advance . Heiiti|^i^^^^^^ 

Qjibst ance.::^ .acl|L,-l)ased • r^sin 

aiid^ pelM¥?^Sr:?M^ -pellets , 

the constituents appear to be dispersed uniformly with the 
unassisted eye. The kneading an be performed by using a 
unidirectional twin-screw extruder. 
[0041] 

Incidentally, when stored for a long period of time, 
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Injection molded articles could cause hydrolysis due to steeun 
In air or moisture from outside , which could lead to a decrease 
In the mechanical strength thereof. 

In the present Invention, to Increase the durability of 
5 the Injection molded articles, the Injection molded articles 
may further contain (C) a hydrolysis preventing agent. Here, 
the blending amount of the hydrolysis preventing agent (C) Is 
preferably 0.1 to 5.0 parts by mass per 100 parts by mass of 
the total mass of the lactic acid based resin (A) and the natural 

10 fiber (B) . When the amount of the hydrolysis preventing agent 
(C) to be added Is 0.1 parts by mass or more and 5.0 parts by 
mass or less, the Injection molded articles can be Imparted 
with sufficient durability without deteriorating the 
blodegradablllty thereof , or without bleeding of the hydrolysis 

15 preventing agent, thus causing neither appearance failure nor 
decrease In mechanical properties due to plastlclzatlon. 
[0042] 

The hydrolysis preventing agent that can be used In the 
present Invention Include, for example, epoxy compounds, 
20 Isocyanate compounds, acid anhydrides, oxazollne compounds, 
and melamlne compounds. Among these, carbodllmlde compounds 
are preferably used. 
[0043] 

Particularly preferable carbodllmlde compounds that can 
25 be used In the present Invention have a structural unit 



represented by the following general formula: 
-(N=C=N-R-)n- 

5 wherein R represents an organic bonding unit, which can be, 
for example, aliphatic, allcycllo or aromatic; h Is an Integer 
of 1 or more which Is usually selected appropriately from the 
range between 1 and 50. When n Is 2 or more, two or more R*s 
may be the same or different. 
10 [0044] 

Specific examples of the carbodllmlde compound Include 
bis ( dlpropylphenyl ) carbodllmlde , poly (4,4'- dlphenylmethane 
carbodllmlde), poly(p-phenylene carbodllmlde), 

poly(m-phenylene carbodllmlde) , poly( tolylcarbodllmlde) , 

15 poly{dllsopropylphenylene . carbodllmlde), 
poly ( methyl -dllsopropylephenylene carbodllmlde) , and 
poly( trllsopropylphenylene carbodllmlde) as well as monomers 
of thereof. The carbodllmlde compounds may be used alone or 
as combinations of two or more of them. 

20 [0045] 

The carbodllmlde compounds used In the present Invention 
are preferably aromatic carbodllmlde compounds. Although 
aliphatic carbodllmlde compounds have sufficient 
antl-hydrolysls properties Imparting effects, the aromatic 
25 carbodllmlde compounds can Impart antl-hydrolysls properties 
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more effectively than the aliphatic oarbodllmlde compounds. 

Specific examples of the carbodllmlde compound Include 
"STABAKZOL" manufactured by Rheln Chemle, and "CARBODILITE" 
manufactured by Nlsshlnbo Industries, Inc. 
[0046] 

In the present Invention, additives such as heat 
stabilizers, nucleating agents, antioxidants, UV absorbents, 
light stabilizers, lubricants, pigments, dyes andplastlclzers 
can be added to the resin composition used for forming the 
Injection molded articles as far as the effects given by the 
present Invention are not deteriorated. 
[0047] 

In the present Invention, by the term "the crystallization 
heat peak temperature (Tc)" Is meant a temperature measured 
by differential scanning calorlmetry at which a peak of 
crystallization comes Into existence In a process of temperature 
drop of a sample when the sample Is kept at 200**C for 2 minutes 
and then the temperature Is dropped to 40®C under the condition 
of lO^C/mln. In the present Invention, the crystallization 
heat peak temperature (Tc) of the resin composition for forming 
injection molded articles Is preferably lOO^'C or more, more 
preferably llO^'C or more. When the crystallization heat peak 
temperature Is lOO'^C or more, the crystallization speed Is high, 
so that the crystallization proceeds In a short time In the 
mold when Injection molding the resin composition. Also, when 
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the crystallization Is performed after the resin composition 
Is taken out from the mold after molding, the crystallization 
proceeds In a short time, so that Injection molded articles 
can be obtained efficiently. 
5 [0048] 

In the present Invention, the Injection molded article 
preferably has a deflection temperature under load of 133"C 
or more, and more preferably 140^0 or more. When the Injection 
molded article has a deflection temperature under load of 133°C 

10 or more. It can be advantageously used for dally commodities 
and food containers and so on of which heat resistance Is desired 
while when the Injection molded article has a deflection 
temperature under load of 140°C or more , It can be advantageously 
used for electric and electronic parts and automobile parts 

15 and so on. 
[0049] 

The Injection molded articles of the present Invention 
preferably have a f lexural modulus at 80®C of 800 MPa or more, 
more preferably 860 MPa or more. By blending the lactic acid 

20 based resin (A) with the component (B) , I.e. , the natural fiber 
that contains 40 mass% to 60 mass% of cellulose, 10 mass% to 
30 mass% of llgnln In appropriate amounts, the f lexural modulus 
of the Injection molded articles can be Increased, so that they 
can be used for applications of which heat resistance Is 

25 required. 



[0050] 

Now, the method of forming the Injection molded articles 
according to the present Invention Is explained. 

The Injection molded articles of the present Invention 
can be formed by a method that Includes forming pellets of a 
coated substance from the coated substance obtained by 
impregnating a natural fiber with a lactic acid based resin 
by drawing; extruding the pellets of the coated substance, the 
lactic acid based resin, and optionally one or more other 
additives using a twin-screw extruder Into strands to prepare 
pellets In advance; charging the prepared pellets In an Injection 
molding machine and performing Injection molding. 
Alternatively, the Injection molded articles of the present 
invention can be formed by another method that Includes charging 
the lactic acid based resin and the natural fiber and optional 
additives In a twin-screw extruder, directly kneading the 
mixture and Injection molding the kneaded mixture. In the 
present Invention, the former method, that Is, the method In 
which after the pellets of the coated substance are formed by 
drawing, the obtained pellets are kneaded with the lactic acid 
based resin Is preferable. By Impregnating the natural fiber 
with the lactic acid based resin by drawing, the feed failure 
due to the high bulk density of the fiber Is alleviated and 
when the Impregnated natural fiber Is kneaded In the twin-screw 
extruder, the dlsperslblllty of the natural fiber Is further 
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Increased, so that the effect of Improving heat resistance and 
crystallization rate of the Injection molded article can be 
exhibited maximally. Since the lactic acid based resin Is 
susceptible to hydrolysis when melt molding. It Is preferable 
5 that the lactic acid based resin be dried or passed through 
a vacuum vent extrusion process In advance. 
[0051] 

The Injection molding method that can be used In the present 
Invention Include, for example, various Injection molding 

10 methods, such as a method that Is generally adopted when 
thermoplastic resins are molded, a gas-assisted molding method, 
an Injection compression molding method and so on - In addition , 
depending on the purposes, molding methods other than those 
described above can be used. For example, an In-mold molding 

15 method, a gas-press molding method, two-color molding methods , 
sandwich molding methods, PUSH-PULL, andSCORIM, can be adopted - 
However, the Injection molding method that can be used In the 
present Invention Is not limited thereto. 
[0052] 

20 The Injection molding apparatus Includes a generally used 

Injection molding machine, a gas -assisted molding machine, an 
Injection compression molding machine or the like and a mold 
used for the Injection molding machine and accessory devices, 
a mold temperature controlling appeuratus, a material drying 

25 apparatus and so on. Preferably, molding conditions are set 



so as to avoid thermal degradation of the resin In the Injection 
cylinder such that molding Is performed at a molten resin 
temperature within the range of 170''C to 210°C. 
[0053] 

5 In the case where the Injection molded articles are to 

be obtained in an amorphous state, the temperature of the mold 
Is preferably as low as possible In order to shorten a cooling 
time In the molding cycle (mold closure - Injection - pressure 
maintenance - cooling - mold opening - t€Uclng out ) . It Is 

10 preferable that the temperature of the mold be set generally 
IS^'C to 55®C. It Is also desirable to use a chiller. However, 
to suppress, for example, shrinkage, curl, and deformation of 
the molded product after post -crystallization. It Is preferable 
to set the temperature of the mold to a higher- temperature side 

15 In the range of 15*'C to 55**C. 
[0054] 

The molded articles obtained by Injection molding may be 
heat-treated to crystallize them. By crystallizing the molded 
articles In this manner, the heat resistance of the molded 

20 articles can be further Increased. The crystallization 
treatment can be performed In the mold at the time of molding, 
and/ or after taking out the molded articles from the mold • From 
the viewpoint of the productivity. It Is preferable to perform 
the crystallization treatment after the molded article Is taken 

25 out from the mold when the crystallization rate of the resin 

24 



composition that constitutes the Injection molded article Is 
low. On. the other hand, when the crystallization rate of the 
resin composition Is high, the crystallization treatment may 
be performed while the Injection molded article Is In the mold. 
5 In the case where the crystallization Is allowed to occur In 
the mold, molten resin Is filled In a heated mold and kept In 
the mold for a predetermlnied time. The temperature of the mold 
Is In the range of, preferably 80''C to ISO^'C, more preferably 
90"C to 120*^0. The cooling time In which the Injection molded 

10 article Is cooled Is preferably 1 to 300 seconds , more preferably 
5 to 30 seconds • When the Injection molded article Is subjected 
to crystallization treatment within the above-mentioned 
temperature range and cooling time , the Injection molded article 
can have a further Improved heat resistance. 

15 [0055] 

When the crystallization Is allowed to proceed after the 
molded article Is taken out from the mold, the mold temperature 
Is preferably SO^'C to 130*'C, more preferably 70**C to 90**C. When 
the mold temperature Is lower than SO^'C, In some cases no 

20 crystallization proceeds In the molding step. On the other 
hand , when the mold temperature Is higher than 130°C , deformation 
or shrinkage may occur when the molded product Is cooled. The 
heating time can be determined appropriately depending on the 
composition of the resin that constitutes the Injection molded 

25 article and the temperature of heat treatment. For example. 



when the temperature of the heat treatment Is .70°C, It Is 
preferable to perform the heat treatment for 15 minutes to 5 
hours. On the other hand, when the temperature of the heat 
treatment is 130®C, it ispreferable to perform the heat treatment 
5 for 10 seconds to 30 minutes. 
[0056] 

Methods by which the molded product is crystallized include 
a method that includes performing injection molding using a 
mold that is heated to a predetermined temperature and qjatising 

1 0 ■ G^jgrstal it;;;::i.s,.:- .^jji;^^^ .a.; method 

that includes and increasing the temperature of the mold after 
the injection molding to cause crystallization in the mold, 
a method that includes crystallization by using hot air, steam, 
warm water, a far infrared ray heater, an IH heater or the like 

15 after taking the injection molded article out of the mold, and 
so on. At the time of heat treatment, the injection molded 
article does not have to be fixed. However, to prevent 
deformation of the molded product, it is preferable to fix the 
molded product by using a metal mold or a resin mold. Also, 

20 taking productivity into consideration, it is preferable that 
the molded products be heat-treated in a wrapped state. 
[0057] 

Since the injection molded articles of the present 
invention has excellent heat resistance and excellent 
25 crystallization rate, they can be advantageously used as 



eleotrlo and electronic parts, automobile parts, dally 
commodities , food containers and other general Injection molded 
articles of which heat resistance Is required. 
[0058] 

Hereinafter, the present Invention Is described In more 
detail by referring to examples. However, the present 
Invention should not be considered to be limited thereto and 
various ;modlf Icatlons and variations can be made within the 
technical scope of the present Invention. In the examples and 
comparative examples, various properties were evaluated by the 
following methods. 
[0059] 

(1) Deflection temperature under load (heat resistance) 

A sample with a length (L) of 120 mm, a width (W) of 11 
mm, and a thlclcness (t) of 3 mm was prepared according to JIS 
K-7191 and measured for deflection temperature under load (HDT) 
using a deflection temperature under load tester ("S-3M" 
manufactured by Toyo Sellcl Co. , Ltd. ) . The measurements were 
performed under the conditions of flat-wise direction and under 
bending stress of 45.1 N/om . 
[0060] 

(2) Flexural modulus (rigidity) 

A sample with a length (L) of 80 mm, a width (W) of 10 
mm, and a thickness (t) of 4 mm was prepared according to JIS 
K-7171 andmeasuredf or flexural modulus at SO^C using a precision 
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universal material testing machine "MODEL 2010" manufactured 

by Intesco Co., Ltd. 

[0061] 

(3) Crystallization lieat peak temperature 
5 About 10 mg of scales were scraped out of each Injection 

molded article to obtain samples. Each sample was measured 

for temperature drop according to JIS K- 7121 using a differential 

scanning calorimeter "DSC-7" manufactured by Perkln-Elmer . 

Each Injection molded article sample was heated at 200°C for 
10 2 minutes to melt It. Thereafter, the temperature was dropped 

under the condition of lO^C/mln and measurement was performed. 

The temperature at which crystallization peak was observed In 

this temperature drop process was defined to be a crystallization 

heat peak temperature. 
15 [0062] 

(Example 1) 

"Nature Works 4032D" (L-lactlc acld/D-lactlc acld=99/l, 
having a weight average molecular weight of 200,000) 
manufactured by Carglll Dow as a lactate resin, and kenaf fiber 

20 (having a cellulose content of 53 mass% and a llgnln content 
of 18 mass%, and an average diameter of 17 mm) manufactured 
by OG Corporation as a natural fiber were used. The lactic 
acid based resin was supplied to a 30 mm-<|) single screw extruder 
manufactured by Slllco-Pla Co. coupled with a crosshead die 

25 for drawing. On the other hand, the kenaf fiber was passed 



through holes In the orosshead die to Impregnate the kenaf fiber 
with the lactic acid based resin at a resin temperature of 180*'C , 
and then the Impregnated fiber was cooled In a water tank . Then , 
the coated fiber was passed through a cutter to fabricate pellets 
of the coated substance. The obtained pellets of the coated 
substance have an average diameter of 1.5 mm and an average 
length of 3 mm. The ratio of the kenaf fiber to the lactic 
acid based resin In the pellets of the coated substance was 

(A) lactic acid based resin: (B) kenaf fiber = 70:30 (mass%) • 

[0063] 

Then, the obtained pellets of the coated substance and 
the lactic acid based resin (Nature Works 4032D) were blended 
so that the ratio of the lactic acid based resin and the kenaf 
fiber was (A) lactic acid based resin: (B) kenaf fiber = 95:5 
by mass ratio, and compounded at 180®C using a 25 mm-(t) small 
unidirectional twin-screw extruder manufactured by Mitsubishi 
Heavy Industry Co. , Ltd. to form pellets. The obtained pellets 

were Injection molded using ah Injection molding machine " IS50E " 

< 

(having a screw diameter of 25 mm) manufactured by Toshiba 
Machine Co., Ltd. to obtain plates. A plate of L 100 mm x W 
100 mm X t 3 mm, a plate of L 120 mmxWllmmxt3 mm, a plate 
of L 100 mm X W 100 mm x t 4 mm, and a plate of L 80 mm x W 
10 mm X t 4 mm were fabricated. Major molding conditions were 
as follows . 

1) Temperature conditions: Cylinder temperature (195®C), Mold 
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temperature ( 20^C ) ; 

2) Injection molding conditions: Injection pressure (115 MPa) , 
Holding pressure (55 MPa); 

3) Metering conditions: Number of screw rotations (65 rpm) , 
5 Back-pressure (15 MPa). 

[0064] 

The obtained Injection molded articles (plates) were left 
to stand In a baking test apparatus (DKS-5S) manufactured by 
Dalel Kagaku Selkl Mfg. Co. , Ltd. and heat-treated at lO^'C for 

10 3.5 hours to promote crystallization. The obtained Injection 
molded articles (plates) were measured (evaluated) for 
deflection temperature under load, flexural modulus (bending 
strength), and crystallization heat peak temperature. 
Over- all judgment was made based on the evaluations . Note that 

15 the symbol means particularly excellent; symbol "O" means 
that all the evaluation Items were satisfied In good balance 
and excellent; symbol " X " means poor and application to 
Injection molded articles of which sufficient heat resistance, 
rigidity and so on are required was Impossible. The results 

20 obtained are shown In Table 1. 
[0065] 
(Example 2) 

Injection molded articles (plates) were fabricated In the 
same manner as that In Example 1 except that the content ratio 
25 of the lactic acid based resin (A): the natural fiber (B) was 
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changed to Nature Works 4032D:kenaf f±ber = 90:10 (mass%). 

Tlie obtained Injection molded articles (plates) were 
evaluated (measured) in the same manner as In that In Example 
1. The results obtained are shown In Table 1. 
5 [0066] 

(Example 3) 

Injection molded articles (plates) were fabricated in the 
same manner as that in Example 1 except that the content ratio 
of the lactic acid based resin (A): the natural fiber (B) was 
10 changed to Nature Works 4032D:kenaf fiber = 80:20 (mass%). 

The obtained injection molded articles (plates) were 
evaluated (measured) in the same manner as in that in Example 
1. The results obtained are shown in Table 1. 
[0067] 
15 (Example 4) 

Injection molded articles (plates) were fabricated in the 
same manner as that in Example 1 except that the natural fiber 
was changed to bamboo fiber (having a cellulose content of 53% 
and a lignin content of 27%, and an average diameter of 10 mm) , 
20 and the content ratio of the lactic acid based resin (A): the 
natural fiber (B) was changed to Nature Works 4032D: bamboo fiber 
s 90:10 (mass%). 

The obtained injection molded articles (plates) were 
evaluated (measured) in the same manner as in that in Example 
25 !• The results obtained are shown in Table 1. 



[0068] 
(Example 5) 

Injection molded articles (plates) were fabricated in the 
same manner as tbat in Example 1 except that Nature Works 5040D 
5 (L"lactic acid/D-ladtic acid=97 .7/2.3, having a weight average 
molecular weight of 200,000) was used in place of Nature Works 
4032D. 

The obtained injection molded articles (plates) were 
evaluated (measured) in the same manner as in that in Example 
10 1. The results obtained are shown in Table 1. 
[0069] 

(Comparative Example 1) 

Injection molded articles (plates) were fabricated in the 
scune manner as that in Example 1 except that no natural fiber 
15 (B) was used but only Nature Works 4032D as the lactic acid 
based resin was used. 

The obtained injection molded articles (plates) were 
evaluated (measured) in the same manner as in that in Example 
1. The results obtained are shown in Table 1. 
20 [0070] 

(Comparative Excunple 2) 

Injection molded articles (plates) were fabricated in the 
same manner as that in Example 1 except that glass fiber (having 
an average thickness of 5 mm and an average length of 2 mm) 
25 manufactured by Asahi Glass Company was used in place of the 



natural fiber, and the content ratio of the laotlo acid based 
resin and the glass fiber was changed to Nature Works 4032D ; glass 
fiber = 90:10 (mass%). 

The obtained Injection molded articles (plates) were 
5 evaluated (measured) In the same manner as In that In Example 
1. The results obtained are shown In Table 1. 
[0071] 

(Comparative Example 3) 

Injection molded articles (plates) were fabricated In the 

10 same manner as that In Example 1 except that flax fiber (having 
a cellulose content of 80 mass% and a llgnln content of 1 mass%, 
and an average diameter of 20 mm) manufactured by Telkoku Sen- 1 
Co. , Ltd. was used In place of the natural fiber, and the content 
ratio of the lactic acid based resin and the flax fiber was 

15 changed to Nature Works 4032D:flax fiber = 90:10 (mass%). 

The obtained injection molded articles (plates) were 
evaluated (measured) in the same manner as in that in Example 
1. The results obtained are shown in Table 1. 
[0072] 

20 (Comparative Example 4) 

Injection molded articles (plates) were fabricated in the 
same manner as that in Example 1 except that the kenaf fiber 
used in Example 1 was heat ref luxed with a mixed solution of 
sodium chlorite/ glacial acetic acid, and distilled water at 

25 70 to 80"C (having a llgnln content of 8.5 mass%) was used in 



place of the natural fiber. That is , Injection molded articles 
(plates) were fabricated in the same manner as that in Example 
1 except that the natural fiber was changed to a natural fiber 
having a cellulose content of 58 mass% and a lignin content 
5 of 8.5 mass%) and the content ratio of the lactic acid based 
resin and the natural fiber was changed to Nature Works 
4032D: natural fiber = 90:10 (mass%). 

The obtained injection molded articles (plates) were 
evaluated (measured) in the same manner as in that in Example 
10 1. The results obtained are shown in Table 1. 
[0073] 

(Comparative Example 5) 

Injection molded articles (plates) were fabricated in the 
same manner as that in Example 1 except that in Example 1 , Nature 
15 Works 4050D (L-laotic aoid/D-lactic acid=95. 0/5.0, having a 
weight average molecular weight of 180,000) was used in place 
of Nature Works 4032D. 

The obtaiined injection molded articles (plates) were 
evaluated (measured) in the same manner as in that in Example 
20 1. The results obtained are shown in Table 1. 
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[0075] 

The results shown In Table 1 Indicate that the Injection 
molded articles of Examples 1 to 5 have deflection temperatures 
under load of 133^0 -or more so that they have excellent heat 
resistances, and high f lexural moduli at SO'^C so that they have 
excellent rigidity. Further, the injection molded articles 
of Examples 1 to 5 (resin compositions) have a crystallization 
heat peak temperatures of lOO^C or more so that they have high 
crystallization rates. 

On the other hand. It revealed that the Injection molded 
articles of Comparative Examples 1 to 5 had deflection 
temperatures under load of 132®C or less, low f lexural moduli 
and czrystalllzatlon heat peak temperatures of 96°C or less. 

That Is, By blending a natural fiber having a cellulose 
content of 40 to 60 mass% and a llgnln content of 10 to 30 mass% 
to a predetermined lactic acid based resin, excellent 
crystallization promoting effects and Improvement of heat 
resistance due to synergism between the promotion of 
crystallization and reinforcement with the fiber could be 
simultaneously achieved. 
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